The red-violet colour in fruits and vegetables is derived mainly from a class of flavonoids called anthocyanins. To date, more than 300 different anthocyanins have been identified in different plants. There has been an increased interest in natural anthocyanins and anthocyanin containing plants because of their potential health promoting properties and, above all, for their protection against free radicals (1). The Ribes species are known to contain high amounts of anthocyanins. Ribes biebersteinii Berl. (Grossulariaceae), commonly known as 'reddish-black berry', is an Iranian medicinal plant (2-4). The fruits of R. biebersteinii are used as food and also in the traditional medicine as a hypotensive agent and as a retina-protectant. No phytochemical or bioactivity studies on R. bieber-1 Acta Pharm. 60 (2010) 1-11
Plant material
The fruits of Ribes biebersteinii Berl. (Grossulariaceae) were collected from the Arasbaran area of the eastern Azarbaijan province, Iran, during September-October 2002, and a voucher specimen representing this collection was retained in the herbarium of the School of Pharmacy, Tabriz University of Medical Sciences, Tabriz, Iran.
Extraction
Shed-dried and ground fruits of R. biebersteinii Berl. (10 g) were macerated with MeOH containing 0.01 % HCl (100 mL). The extract was refrigerated for 1 h and filtered through a cellulose paper filter. Extraction was repeated twice, each time by 60 mL of 0.01 % HCl in MeOH. Then, the filtered extracts were pooled together and concentrated under vacuum in a rotary evaporator (Büchi, Germany). Diethyl ether was added. Anthocyanins precipitated out due to the decrease in dielectric constant. Subsequently, the precipitate was separated by a centrifuge at 1000 rpm (Beckmann Coulter, USA). This procedure was repeated several times until no precipitation took place in order to get pure anthocyanins. Separated and cleaned precipitate was completely dried under nitrogen gas and stored in the refrigerator.
Isolation
The preparative high performance liquid chromatography (HPLC) (Dr Maisch ODS preparative column 10 mm, 250 mm´20 mm; mobile phase: 0-260 min, 0-10 % B in A (A = 10 % formic acid in water, B = 10 % formic acid in MeOH, followed by 10 % B in A for 30 min; flow rate 20 mL min -1 ) of the methanolic extract of R. bierberstinii resulted in the isolation of five cyanidin glycosides, 3-O-sambubiosyl-5-O-glucosyl cyanidin (1, 50.6 mg, t R = 178.0 min), cyanidin 3-O-sambubioside (2, 5.1 mg, t R = 215.0 min), cyanidin 3-O--glucoside (3, 10.8 mg, t R = 226.3 min), cyanidin 3-O-(2G-xylosyl)-rutinoside (4, 9.3 mg, t R = 238.6 min) and cyanidin 3-O-rutinoside (5, 5.7 mg, t R = 279.1 min).
Acidic hydrolysis
Purified anthocyanin mixture (3 mg) was dissolved in a minimum amount of acidified MeOH (3 mol L -1 HCl). The test tube was placed in a boiling water bath for 1 h. The cooled solution was divided into two parts and the solvent was evaporated with a rotary-evaporator. One of the solutions was treated with acidic MeOH for identification of genins and the other with water for identification of glycones by thin layer chromatography (TLC). TLC analyses of genins and glycones were performed using the solvent system butanol/acetic acid/water (4:1:5) (BAW) and microcrystalline cellulose as a stationary phase. Detection of glycones was carried out using aniline-hydrogen phthalate reagent (5).
Alkaline hydrolysis
Ethanol (2 mL) was added to 2 mg of purified anthocyanins. The test tube was flushed with nitrogen and capped. The solution was saponified with 10 mL, 2 mol L -1 NaOH for 2 h in the dark at r. t. After neutralization of the solution with 2 mL of 2 mol L -1 HCl, it was decanted using diethyl ether (5 mL). For identification of probable acyls linked to anthocyanin structure, the ether phase was examined. Aqueous phase was used for identification of anthocyanins. The TLC of two phases was carried out using BAW (4:1:5) and F366 microcrystalline cellulose as above (5) .
Peroxide hydrolysis
This procedure is specific for sugars on the C-3 position of cyanidins. Approximately 2 mg of anthocyanin pigment was dissolved in MeOH and treated dropwise with 3 % peroxide solution until the pigment was bleached. After addition of conc. ammonia solution (1 mL), the mixture was concentrated, spotted on a microcrystalline cellulose TLC plate together with reference sugar solution and developed for sugars. Chromatography was carried out using BAW (4:1:5) and microcrystalline cellulose. Mono-, di-and tri-glycosides would be removed intact from C-3 and could be identified with appropriate reference sugars (6) .
Continuous hydrolysis
Each anthocyanin pigment (5 mg) was dissolved in 20 mL of 2 mol L -1 HCl in a test tube. The tube was placed in boiling water and sampled at 5, 10, 15, 20, 30, 45 and 60 min, and the samples were chromatographed by TLC using the solvent system BAW and microcrystalline cellulose as above (6) .
FAB-MS analysis
Anthocyanin pigment was dissolved in MeOH for the Fast Atom Bombardment Mass Spectroscopy (FAB-MS) analysis using a Finnigan MAT95 spectrometer (UK). The instrument response was first optimized by infusing a constant flow (1-2 mL min -1 ) of solution. After evaporation of methanol, 1-2 mL glycerol (matrix liquid) was added to the pigment. Elucidation of the structure of pigments was done by fragmentation of the molecular ions in the cell of the mass spectrometer, using xenon flow.
Total anthocyanin content
Total anthocyanin content of the fruits of R. biebersteinii was measured using the pH differential absorbance method (7) . The absorbance of the extract was measured at 510 and 700 nm in buffers at pH 1.0 (hydrochloric acid/potassium chloride, 0. 
Free-radical-scavenging activity (DPPH assay)
The method used by Du et al. (8) was adopted with suitable modifications. The sample solutions (0.8 mg mL -1 ) were prepared by dissolving each sample in water. These sample solutions were diluted to 0.4, 0.2 and 0.1 mg mL -1 , stored in a refrigerator at 4°C before testing for radical scavenging activity. In the test protocol of radical scavenging activity, 2.9 mL of 65 mmol L -1 DPPH reagent in methanol/water (80:20, V/V) was added to 0.1 mL of sample solution to be tested. After 30 min of reaction at 25°C, the absorbance was measured at 515 nm. The radical scavenging activity R S was expressed as percentage of DPPH radical elimination calculated from absorbance of the sample at reaction time 0 min and the sample absorbance at 30 min of the reaction. The experiment was performed in duplicate and average absorption was noted for each concentration. The concentration that caused a 50 % reduction in absorbance (RC 50 ) was calculated. The same procedure was followed for the positive control, vitamin C.
RESULTS AND DISCUSSION
Various hydrolyses followed by co-TLC analyses (9, 10) of the glycone and aglycone portions of purified anthocyanin pigments (1-5) together with reference sugars and cyanidin confirmed the identity of the aglycone as cyanidin in 1-5 and respective glycones, e.g., glucose, xylose and rutinose.
The peroxide hydrolysis of compound 1 indicated the presence of sambubiose at C-3 of cyanidin. The UV-visible spectral analysis (MeOH + 0.01 % HCl) of 1 showed absorption maxima (l max ) at 524 and 279 nm, which were in agreement with the absorbance pattern of cyanidin 3-O-glycosides (11) . The E 440 /E vis (E 440 = absorption at 440 nm and E Vis = absorption at band I in the visible wavelength, > 500 nm; for example, in compound 1 the band I was at 524 nm) ratio 25.8 % also supported the above fact (12) . Addition of 5 % AlCl 3 (Table II) and 13 C NMR spectra (Table III) (Table II) and 13 C NMR spectra (Table III) (Table III) Like in case of compound 1 (discussed above), combined hydrolyses and co-TLC of glycosides 2-5 revealed the presence of cyanidin as the aglycone in these molecules. This fact was further corroborated by the FAB-MS spectra of the glycosides (Table I) where a major fragment ion at m/z 287 corresponding to the cyanidin moiety was present. Addition of 5 % AlCl 3 reagent to methanolic solution (containing 0.01 % HCl) of compound 2-5 showed an approximately 40-nm bathochromic shift, which demonstrated the presence of ortho-di hydroxyl groups on the B-ring of cyanidin (9-12). The UV-Vis spectrum (MeOH + 0.01 % HCl) of 2 showed absorption maxima (l max ) at 280 and 526 nm, supporting the presence of cyanidin 3-O-glycoside skeleton in 2, similar to that of 1. The glycosylation at C-3 was further confirmed by the E 440 /E Vis ratio (23 %) (12) . The FAB-MS spectrum (Table I) (Tables II and III) of 2 were similar to those of 1 except for the fact that the signals corresponding to the second glucose moiety (like in 1) were absent. Thus, glycoside 2 was identified as cyanidin 3-O-sambubioside.
The UV-Vis spectra (MeOH + 0.01 % HCl) of glycosides 3-5 also displayed absorption maxima (l max ) at 281 and 528, 281 and 529, and 282 and 528 nm, respectively, supporting the presence of cyanidin skeleton with glycosylation at C-3. Like compounds 1 and 2, glycosylation at C-3 in 3-5 was supported by the E 440 /E Vis ratio, respectively, 23.2, 24.4 and 24.4 % (12). The 1 H and 13 C NMR spectra (Tables II and III) The 1 H and 13 C NMR spectra (Tables II and III) FAB-MS spectrum of 5 established the identity of this compound as cyanidin 3-O-rutinoside. All spectroscopic data of compounds 1-5 were in agreement with the respective published data (12, (16) (17) (18) (19) (20) (21) (22) .
To the best of our knowledge, this is the first report on the occurrence of cyanidin glycosides 1-5 in the fruits of Ribes biebersteinii Berl. With the exception of compound 1, in all other compounds the glycosylation was limited to position C-3. Anthocyanins occur almost in all Ribes species. However, significant structural variations have been noted among Ribes anthocyanins. Anthocyanins have previously been applied successfully as chemotaxonomic markers for various plant genera (23, 24) . The anthocyanins 1-5 isolated and identified in the present study might have some chemotaxonomic implications within the genus Ribes.
All cyanidin glycosides 1-5 displayed s high level of free-radical-scavenging activity, comparable to that of the positive control ascorbic acid (vitamin C), in the DPPH assay. The RC 50 values of these compounds are presented in Table IV . Among the glycosides, cyanidin 3-O-glucoside (3) exhibited the most potent free-radical-scavenging property with a RC 50 value of 8.31´10 -6 mol L -1 (RC 50 value of the positive control, vitamin C was 1.85´10 -6 mol L -1 ), while the least active was compound 5 RC 50 = 9.55´10 -6 mol L -1 ). In general, the free-radical-scavenging activity of compounds 1-5, like other natural phenolic compounds, is a consequence of the phenolic hydroxyl functionalities present in the molecules. The free-radical-scavenging property of anthocyanins is predominantly due to their ability to act as reducing agents, hydrogen donors and singlet oxygen quenchers and, to some extent, could also be due to their metal chelation potential (25) .
CONCLUSIONS
The present study demonstrated that fruits of Ribes biebersteinii Berl. possess high levels of cyanidin glycosides 1-5. The presence of these free-radical-scavengers in the fruits of this plant might explain, at least to some extent, the retina-protecting activity of this plant, which is probably mediated through its capacity for protecting retina from any oxidative damage. 
